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(54) Abstract Title 

Roller cone drill bit having non-axisymmetric cutting elements oriented to optimise drilling performance 

(57) At least one cutting tooth 29 with a crest without rotational symmetry is located on the rolling cone of a 
drill bit The drilling performance of this bit in a selected lithology is simulated and the orientation Oj of the 
asymmetrical tooth is adjusted and the simulation iteratively repeated until the optimum orientation has been 
determined. This is associated either with the peak value of a single performance parameter, such as the rate 
of bit penetration, or with the orientation that offers best performance as measured by a combination of 
parameters. A typical optimum orientation is about 25* perpendicular to the plane containing both the cone 
axis and the tooth. The orientation of the base of the tooth may also be optimised in the same way and need 
not match the orientation of the tooth crest (figure 4). Also disclosed is a rolling cone with at least one tooth at 
a different orientation to the rest, in order to prevent tracking. 
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ROLLER CONE DRILL BIT HAVING NON-AXE5YMMETKIC 
CIHTING ELEMENTS ORIENTED TO OPTIMIZE DRILLING 

PERFORMANCE 



The invention relates generally to the field of drill trite used to drill earth 
formations. More specifically, the invention relates to mediods tor designing, and 
5 to designs, for drOl bits having irnp 

Roller cone drill bits used to drifl wellbores through earth fbnaoations 
generally inchule a The 
bit body is turned by a drilling, ap p ara t u s (drilling rig) -while axial force is applied 

10 to the bit to drill through the ffwrfh f&nnatioos. The roller cones include a plurality 
of catting elements disposed at selected locations thereon. The types, sizes and 
shapes of the cutting elements are generally selected to optimize drilling 
performance of the drill bit in the particular earth formations through which the 
formation is to be drilled. 

IS The cutting elements may be formed finom the same piece of metal as each 

of the roller cones, these being so-called "milled tooth" bits. Other types of 
cutting elements consist of various forms of "inserts" (separate bodies formed 
from selected materials) which can be affixed to the roller cones in a number of 
different ways. 

20 Some types of cutting elements, both milled tooth and insert type, have 

cutting edges ("crests") which are not symmetric with respect to an axis within the 
body of the cutting element. These are called non-axisymmetric cutting elements. 
Some types of roller cone drill bits have non-axisymnictnc cutting elements . 
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One sucn. method for improving drill Int performance by orienting cutting 
etane* ores* along .particular «™«la. i. described ft. P*«* 
5 appHcad^ PCT/U^^ ^ method d^closed m to 

anpHcadon generally includes determining an expected trajectory of .he cntfng 
» ««y come Wo contact irib the ■ 

^ to ^«i^^*^*»»**" !,,el4 Tbecrealaof 
10 to «*rag elor»«»n .re ton ori^ 

ata^teo^ectedt^eetey. Whether the crest, are oriented perr*ndicubr or 

.k^toednjeaediiS^ 

Yet another mefliod tot orienting to crests of the dotting elenrats on . 
cone bit is described in U. S. patent no. 5,197^55 issued to Bsles. As 
15 1 ^kl.B«WFMn» 1 «*<»>«<»« < -*»** i 
wMrfn angle ranges of 30 to 60 degrees (or 300 to 330 degree.) from to axis of 

rotation of the cone. 

It is desirable to provide a drill bit wherein 11011-axisyinr^ catting 

• A j ^ t: ^ ;^ o ™*f* at which the drill bit cots "through earth 
elements are oriented to optimize a rate act winca tob uiu* 

20 fbnnations. 



One aspect of the invention is a roller cone drill bit having roBsr cones 
rotatabty attached to a bit body. Each of the cones includes aplnraKty of cutting 
25 elements, at least one of Itecutting elements being non-axisyn^ 
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so that a value of at least one drffling performance parameter is optimized, m one 
embodiment, the at least one parameter include rate of penetration of the drifl bit 

In one embodiment, the crest of the at least one cutting element is oriented 
at an angle of about 10 to 25 degrees fiom the direction of movement of the 
cuiting element as it contacts the earth formation when the catting element is 
dispose* m a iwsitto m another 

embodiment, the aigle is about 350 to 335 degrees when the catting element is 
:ed in a potion inboard of the drive-row location. 

Another aspect of flu* irmotfon is ametbod fox designing a roller cone drill 
10 Wtinchtffcujs^^ hit drilling earn tbrjnatians. The drill b» Modes 
roller i^h^ t^^y^Wm^m^i»t^f^ Each of me cc»es mchides aphrraBty 
of cutting element*, at toW4m&&**dBiBii elements being ^ no^axisyrnme^ 
m me method, an orientation of the cutting element is adjusted, and the drilling is 
again siirrulated. The adjusmient and simulation 
15 least ©nedrillmgperfdnnan^ m coe emhodmiect, me at 

least one performance parameter includes ft» rate 

Other aspects and advantages of the invention will be apparent from the 
descr ip tio n which follows. 



20 

Figure 1 shows one exanmlcofapriorartr^^ 
axisymmetric cutting elements. 

Figure 2 shows a bottom view of one example of a roller, cone bit having 
cmtmg elements oriented accord 
25 Figure 3 shows one example of how to approximate a location of a drive 

row on a cone. 
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Figure 4 shows one embodiment of a cutting element which has more than 
one direction of a long dimension. 

nOTATTJRDPBS rRTPTIQN OF TFTB INVENTION 

Referring to Figure 1> a typical prior ait toller cone drill bit 20 includes a 
5 1A body 22 having an externa^ 

of roller cooes 26 (iisually three as sriown) attached to the osfl^ead.of the Wt body 
22 and able to rotate wnb respect toilllP bitbody 22. Attached to the cones 26 of 
floe bit 20 are a plurality of catting elements 28 typically arranged in rows about 
tlie surface of me cones 26. Iteeiijtlnige^^ ft» 
10 art, mefod^ to carbide ifm^f^P^B^fsts^^ J|^ ;;; «iBgfl^' or 
fouled steel teeth. The cutting element shown in Figure 1 at 28 are naa- 
axisymrrietric, meaning mat the crest 28A of the cutting element is not symmetric 
with respect to an axis (not shown) of me OTtting element 28. Typically, the crest 
28A of a TK^v^'py^rwg^c entting element such as shown at 28 will define a long 
15 dimension, shown along hne L. An orientation of the long dimension L is 
generally denned as an angle subtended between the direction of the long 
<«m giwamw L, and a selected reference. In this example the reference is the 
rotational axis of me cone, shown at A. Any other suitable reference can be used 
to define the orientation of me cutting element The non-axisymmetric entting 
20 elements 28 on the bit 20 shown in Figure 1 are arranged so that the long 
dimension L is substantially parallel (at zero degrees subtended ang*e) mm 
respect to the axis rotation A. 

ft should be noted that the long dimension , L for the crest 28A shown in. 
Figure 1 is substantially parallel to the crest 28A because me crest 28A is linear. 
25 Other shapes of crest are known in the art winch will have different definitions of 
the long dimension. For example, crescent shaped crests on some entting elements 
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may have the long dimension defined as along a Kne connecting the endpcints of 
the crescent Referring briefly to Figure 4, for example, a special type of cutting 
element 28B has a long dimension L2 across its crest which as shown in this 
example is oriented differently than the long dimension LI of the base of fee 
5 cutting element 28B. For the description of the invention which follows, the 
orientation of fee crest of such cutting elements will be determined by fee 
direction of L2, As will be further explained* the individual orientation of both L2 
and of LI can be optimized to provide improved drilling performance. 

Referring bade to Figure 1, although fee bit 20 has been shown wherein 
10 substantially all fee cutting elements 28 include the long dimension L» it is within 
fee scope of feis mvefatiM if only one such cutting dement, <k miy other number 
of such cutting elements, is non- axisyim uetric and includes loftg dhnecskm L» 
The rest of fee cutting elements may be axisymmetric. Hierefbre, fee number of 
noii-axisymmetric cutting elements fa iifft jntrr^V** Kwnit ih** wrapiin^, 
15 It has been determined feat fee orientation of fee long dimension L wife 

respect to fee axis of fee cone A has an effect on drilling performance of the bit 
20. hi one aspect of fee invention, drilling wife fee bit 20 through a selected earth 
formation is simulated The simulation typically includes determination of a rate 
* at which the bit penetrates through fee selected earth formation (ROP). among 
20 other performance measures- In this aspect of fee invention, fee angle of the long 
dimension L wife respect to fee selected reference is adjusted, fee drilling 
simulation is repeated, and fee performance of fee bit is again determined. The 
adjustment to the angle and simulation of drilling are repeated until fee drilling 
performance is opti mi zed In one embodiment of the invention, optimization is 
25 detenmned when fee rate of penetration (ROP) is determined to be 

One such method for simulating the drilling of a roller cone drill bit such as 
shown in Figure 1 is described in U. S. patent application serial no. 09/524,088 
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filed on March 13, 2000, and assigned to the assignee of this invent**. The 
method of the '088 patent application is hereby incorporated by reference. The 
method for simulating the driffing performance of a roller cone bit drilling *n earth 
formation may be used to optimize me design of roller cone drill bits, and to 
optimize tne dnmg performance of a r^^ The method includes 

selecting bit design paraineters. selecting drilling parameters, and selecting an 
earth foimation to be drilled. The bit design parameters sfiw^^fpdo atlcast 
me shape of the catting ejemem* on the drill bit. The rnetod fi^mchuk* 
calcinating, fiom the bit design rjararneters, drim^ parameters and earth 
formation, the paraineters of a crater formed yj^m.if ^»^^Sjf elements 
contacts |^ ^ fim^on. Tte niefl^^ ^ • 
bottomhole geometry , wherein the crater is removed frorn abottonfetfe surface. 
The method also includes incrementally rotating the bit and repeating the 
calculating of crater parameters and bottomhole geometry based on calculated 

15 roller cone rotations 

roDer cone cbill bit about its axis. 

m the present embodiment, the simulation according to the previously 
described pioguun is performed. At least one drilling pertbrmance parameter, 
which can include the rate of penetration, is detennined as a result of me 
ffhnHfttf"** The angle of the long dimension L, of to at least one non- 
ajdsymmetric ciitting element is adjusted. The simulation is repeated, lypicaDy 
mcluding nmbnaming me values of all the other drilling control and drill bit 
design parameters, and the value of the at least one drilling performance parmtidu 
is again detennmed. This process is repeated until the yah^ of the drilling 
25 perfonnance parameter is apKtmTrrl In one example, as previously expfcraed, the 
drilling jwrrbmiance parameter is optinnzed when rate of penetration is 
d eteunin ed to be at a maxmium. 
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For the special cutting element 28B shown in Figure 4, tbe orientation of 
the crest long dimension L2 and the orientation of the base long dimension LI can 
both be adjusted, the simulation repeated, and the results compared until tfc value 
of the at least one drilling p erforma nce parameter is optimized. It is believed that 
5 in some driH bits, the direct^ 

of the cutting elements than at the base of the cutting elements. Specially shaped 
cutting elements such as shown at 28B in Figure 4 provide the bit designer with 
the ability to tiplnm^ fang dimension at both the crest and at 

the base of the cutting elements to further improve drilling performance. As for 
10 the otlu^ embodiments ctf a bit according to the Various aspects of the hv/entian, 
tfenumber of s*^^^ 
limit the scope of the invention. 

Another aspect of ncm-axisyn^^ 
such cutting dements may not be symmetric with respect to a bisecting planer 
IS Other types of such cutting dements may be symmetric with respect to a 

plane. Referring briefly to Figure 1, typical prior art cutting elements suet as 28A 
which are not axisymmetrie nonetheless have a bisecting plane about winch the 
cutting element is symmetric, hi die prior art, such cutting elements 28A are 
oriented such that the bisecting plane is substantially perpendicular to the surface 
20 of the roller cone. Another aspect of the invention ^ 

the cutting element crest at a selected angle with respect to the cone toris, the 
bisecting plane is oriented at a selected angle with respect to die surface of the 
cone. An example of this orientation is shown in Figure 2, where bisecting plane 
P subtends an angle 9* with respect to pel 
25 As with other aspects of the invcaxtion, the orientation of the subtended angle 84 is 
preferably determined by selecting an initial value of the subtended angle, 
simulating performance of the bit, adjusting the angle, and repeating the 
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perfcnnanee •« an ^ - «« - ~ -» *•»»* 

performance parameter is determined. 

jtefeni.g to Figaro 2, through drilltas simian a»ord»g to the method 
described in me MS patent t^Sa&a, it I™* been determined that drDtog 

CTCD Wt having "ohtael" Aaped ft*** i. opto-1 when *e angle, shown as 9,. 
of fc, bag dimension I. is to . W> of *o«t 10 to abort .2? ..degrees with respect 
toft e «da A, when the e»»»* etane* 28 is disposed in • p^s^ on *e con* 
„dTany crtboard (away tomthe eerier rffl» P«»««» rf » 

10 -ddro row" on the cone. If me catting element, <br example, as shown at 29, a. 
o«^m*rowiadialtjr 

to, druTmg performance fa nnproved when the ^e, ata^ ta rumre 2 as 6,, is 
^fflm, a rang, of about 350 to 335 degree* The dWMHon of me size of fte angle 
therein i« mat the angle mcnases m a direction of mo "leading" edge (toward 

tt fc* been detem^ 
xnore pre^ value for 1^ 
preferred value for angle 9* is abciiit 335 degrees. 
Intbeeveiitli^^^ 
20 location, me an^m^^^ 
(ormompretfer^^ 
pt^des a more optori^ 
higher rate of pcnetratioir 

One method for esrim^ 
25 Figiire 3. TI» ro1»^ 

sample, using force cal.*ilarto^ 
referred to eaxBer, or by ^ulam^ 
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application. Having determined or otherwise estimated the rotation ratio of the 
cone 26, a ratio of drive row distance r 2 ftom the axis of the bit B with respect to 
effective cone radius ri will be approximately related to the position of the drive 
row. The drive row position for proposes of this invention will be located 
S approximately at the position along die cone axis A where the ratio tjt\ is 
approximately the same as the rotation ratio of the cone 26. In any particular bit 
design, there may or may not be a row of catting elements disposed at the drive 
row location. The angle for orienting the at least one cutting element can be 
selected, as previously explained, by considering the location of the at least one 
10 cutting element with respect to the drive row location estimated according to file 



Referring again to Figure 3, a particular feature of the invention is shown 
which has as its purpose further improvement of drilling performance. At least 
one of the cutting elements 30, in a tow 
IS oriented at the preferr ed angle 6j, preferably is oriented at a different angle 63 so 
that the row of cutting elements will resist "backing 91 . The magnitude of the 
d if fe ren ce in the angles is not important, but only need be selected to avoid 
tracking, hi particular, whether the selected difference in angle between the at 
Jcasrt one cutting elemeart and the other cutting elements on the same row is enough 
20 to avoid tracking can be determined, among other methods* by using the drifting 
simulation technique described in the "088 patent application referred to eadier. 

This feature of the invention can work with other embodiments of a drill 
bit. For example, substantially all of the cutting elements on tte bit may have long 
dim e ns i on L parallel to the respective axis A of the cone on which each cutting 
25 element is disposed. At least one cutting element on any. one row of cutting 
elements on the bit may be disposed so that its long dimension L subtends an 
angle other than parallel to die cone axis. In another example, at least one cutting 
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element on each tow on one cone can be disposed so that its long dimension is 

other than parallel to the respective cone axis. In yet another example, at least one 

cutting element on each cone, or alternatively, at least one cutting element on each 

row of each cone can be oriented so that «s tong dimension fe^ 

me cone axis. In each of the foregoing examples, orienting the at least one catting 

element so mat its long dimension other man parallel to me cone, when all the 

other cutting elements in the same row are paralH to me^ 

intended to ied*» niicimg. tins aspect of me mventibn win also wink where the 

other ones of me cutting elements on me same row are not parallel to me cone axis 

but are disposed at some selected angle (such as me previously described preferred 
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anile). As long a* at least one cirttmg element is 

all the other cutting dements on one row of cuttmg elem e n t s on me 

configmation is within me contemplation of mis aspect of the invention. In 

another example, each row of cutting elements on each of me cones includes at 
15 least one cutting element disposed at an angle different firom all the other cutting 

elements on the row to avoid tracking. 

The invention has been described with respect to particular embodiments. 

It will be apparent to those skilled in the art mat other enmodhnehtt of the 
! invention can be devised which do not depart tram the spirit of me invention as 
20 Closed herein. Accordingly, the invention shall be limited in scope only by me 

attached 
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CLAIMS 

1 1. A method rbr optimizing drilling performance of a roller cone drill 

2 bit,conmrising: 

3 sjnn^gdiflh^wto 

4 leiistonedriilin«perfi^^ 

5 adhistmg an wiem*ti^ 

6 on me bit; 

7 repeating me smmlating me drilling and detennrrimg the at least one 

8 permrmant» parameter; ai^ 

9 ' ; ^^|mf a9tlmg m# smmlamig me Idnlm^ Imrn^ at least <*e 

10 performance parameter is determined to be at an opimimi varoe. 

1 2. The method as defined in chum 1 wherein me at least one 

2 performance parameter conmrises aiate of penrtration. 

1 3. The method as defined in claim 2 wherein the optimum value is 

2 determined when me rate of penetration is atamffldmmnvume. 

1 4. The method as defined in claim 3 wfce*ein the optimum value 

2 determined when tb« orientation is in a range of about 10 to 25 degrees when the 

3 at least one cutting element is disposed omhb^ 

4 cone. 

1 5. The method as defined in claim 3 wherein the optimum value is 

2 determmed when theories 

3 element is dispc>sedcra1boarf of ^ 
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1 6 H« metbod as <fcBned in claim 3 whennn A* optimum fa 

2 determined when the orientation is in a OTg e of about 350 to 33S degree when 

4 cone. 

! 7. The method as defined in claim 3 wherein the optimum value 

2 deteimmedv^fh^*^^ 

3 elemeiitis disposed m^^ 

1, 8. Themc^asdemieditteteimV 

2 th**t^ 

3 orientation of a base of fhe at least one non-aa^m^ cutting element to 

4 optimize the value of me at least one driffiiig peifetmance parameter. 

j 9. The method as defined in claini 1 further comprising: 

2 adjusting an aa^ of a bis«^pla» 

3 y cutting element withrespect to asin^ of a roller cone on wHch me at least one 

4 non-axisynnnetric cutting element is disposed; 

5 repeating the simulating and delemiining; and 

6 lepeating the adjusting the bisecting plane angle, simulating and 
% detemiining imtil the optimal value of the at least one driffing perfonnance 

detezmmedto be at me optimal value. 
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10 A roller cone drfflbit, comprising: 

a plurality of roller cones, each rotatably mooted on a bit body, 

a plurality of catling elements on each of the cones, at least one of 

the catting elements befog non^risynmi^ ^^tw 

^aein an angle a^ten&rf between a 1^ 
one no^syxnmetric cutting element and an axis of rotation of the con, on 

. . _* ejected to optimize a value of 

wMchthe at least one cutting dement is olsposea is seiccu^ vf 

at least one drilling perfijrmancepanuneter. 

11. The roller cone enfl bit as oeSned m ^ W^^ ^ * *** 
one dr^ of penetration of o>Wt 

12. The roller cone doflbft as lOwlieremme angle ia 
appxo.dmately 10 to 25 degrees ^ 

outboard of a drive row location on me cone. 

13. The roller cone difflbft as d^ 

approximately 25 degrees when me at least one cutting element is disposed 
outboard of a drive row location on thecone, 

14. The roller cone drffl bit as def^ 
350 to 335 degrees when me at least one cutting element is 

I inboard of the drive row location. 

15. The roller ^drfflbH as defined in clami 10 wheiem n^ angle is 
approximately 335 degrees when me at least one cutting element is -disposed 
inboard of the drive tow location. 
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t 16 The roller ccmed^bit as 

2 the one of approximately 25 degree, and appr^^ly 335 degree, ^ 

3 provides a higher rate of penetration, when ^ ^ 

4 disposed on a drive row location on the cone. 

, 17. The roller cane drfll bit as defined in claim 10 wherein the cutting 

2 elements compromised steel teeth. 

1 18. The roller cane drift bit as defined in claim 10 wherein me catting 

2 dements cornprisem^ 

1 19. The roller cone drfll bit as denneo in claim 10 wherein the catting 

2 deinentseorrniriw 

1 20. TrwroDercOM 

2 cattmg element ma row havm^ 

3 tfspbsedatadifi^ 
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21 The roller cone drill hit as defined in claim 10 wherein an angle 

2 subtended tetween a long dimension of a crest of me at least one ndn- 

3 arisynmietric cutting element ^ ^ 

4 least one cutting diMeitt is disposed, and m sobtended between a long 

5 dimension 

d cone are both selected to optimize a vahw ^ 

7 parameter. 



14 



[ 




1 22. The roller cone drill bit as defined in claim 21 wherein the at least 

2 one drilling performance parameter comprises Tate of penetration of the hit. 

1 23. The roller cone as defined in claim 10 wherein an angle subtended 

2 between a bisecting plane of the at least one non-axisymmetric cutting dement 

3 and a surface of the cone on which the at least one ncm-axisymmetric cutting 

4 element is disposed is selected to optimize the value of title at least one drilling 

5 pt> Rii i'l iHuce pajstmeten • ■ - ~ 

1 24. The roller cone drill bit as defined in claim 23 wherein the at least 



^2 dife^ of the bit 

1 25. A TrriWrewtfirlriTI twt, r raptp^gtiig - 

2 a plurality of roller cooes rotate 

3 a plurality of noa-axisynMnetric cutting elements disposed on each of 

4 the roller cones, on at least one row of the cutting elements there being at least one 

5 of the cutting elements oriented at a different angle than the other ones of the 

6 cutting elements cm the at 1 

1 26. The roller cone drill bit as defined in claim 25 further comprising, on 

2 each of the roller cones, at least one cutting element being oriented at an angle 

3 different than the other ones of the cutting elements on the at least one row of the 

4 cutting elements. 
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1 27. Theroflercortedrfflbaasde^ 

2 erne of the rows on at least one cone, at least <me cuttiiig elo^ in one 

3 of flie tows row being oriented at m a^e dif^ than the ofter ones of the 

4 cutting elements in a same one of the rows. 
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28. Therolkrc^o^rAasderh^ 
least one aitting dement in each tow on each of the lofler eones 1^ orwrted at 

3 ah angle difie^^ 

4 each of Ac roller cones. 

2 other ones of the cutting elements is 

3 substanriaTlyparancltoanaxisof^ 

4 is disposed. 

1 30. The roller cone drill bit as denned m cJarm 29 wheiein each of flie 

2 other ones of the cnttmg elements is oriented so that its long dimension is 

3 stftstMra^paraBe^^ 

4 is disposed. ^ 
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